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COMPLETE SPECIFICATION 
Improvements in or relating to Jet Propulsion Nozzles 


I, Alec David Young, a Brkisb Subject, 
of "The Sycamores", Whitehall Lane, 
Buckhnrst Hill, Essex, do hereby declare 
the invemioniy for which I pray that a patent 
may be granted to me and! the noethod by 
which k is to be performed^ to be particularly 
described in and by the following state- 
ment: — 

This inivention relates to apparatus for par- 
tially inhibititLg the generation, of noise by 
a high velocity jet issuing fromi a nozzle into 
ambient atmosphere. 

The noise generated by a high velocity jot 
is created to a large extent by the intense 
vortices of annular shape existing ini an annu- 
lar zone near to and beyond the nozzle exit 
where there is a steep velocity gradient across 
the boundary of the jet and the ambiem 
fluid. This zone is known as the mixing 
region of the jet. If the regularity of the 
pattern of these vortices can be broken up 
and their intensity reduced, the overall noise 
level can be correspondingly reduced. It cau 
be inferred that by controlling the jet flow 
in such a way as to produce irregular forma- 
tions of large but weak vortices, rather than 
regular small vortices of strong intensity, a 
useful reduction of noise level will resuilt and 
this reduction should be most marked! in 
the higher frequency ranges which are found 
to be jmrticularly unpleasant to the himian 
ear. It is also desirable that the mixing 
region should be reduced in length by in- 
creasing the rate of mixing immediately 
downstream of the nozzle exit. 

The 'terra "non-stalled" as used herein 
means making an angle of incidence not 
greater than the angle of maximum lift co- 
efficient. 

The present invention provides apiparatus 
for partially inhibiting the generation of noise 
by a high velocity fluid jet issuing from a 
jet I>ip2 nozzle exit into ambient atoosphere, 
the jet pipe nozzle having moimted substan- 
tially radially thereon in the region only of 


the exit a plurality of vanes, which in an 
operative position are inclined over a major 
portion of their length, and in non-stalled 
relationship to the general fluid flow direc- 
tion throqgjit the nozzle. 50 

The vanes may be mounted ons the inner 
periphery of the jet pipe nozzle. In addition, 
or aJtematively, vanes may be mounted on 
•the outer periphery of the jet pipe nozzle. 
When vanes are mounted both on the inner 55 
and outer periphery of the jet pipe nozzle, 
the inoer and outer vanes in an operative 
position may be inclined wkh respect to one 
another. The outer vanes may provided 
with shrouds and the shroud provided with 60 
apertures. 

The apparatus may incorporate means for 
adjusting the inclination of the vanes with 
respect to the general flow direction through 
the nozzle and: the vanes may be of twisted 65 
form. 

In an alternative arrangement according to 
the invention, the vanes may be attached to 
the jet pipe nozzle by means which permit 
oscillation between inclination angles of a 70 
different sense. The inner vanes imy oscillate 
out of phase with the outer vanes. The vanes 
may extend downstream of the jet pipe nozzle 
and means may be provided for the locking 
of the vanes in aligninent with the general 75 
flow direction througji; the nozzle. 

The invention will now be described with 
reference to the accompanying diagrammatic 
drawings, in which: — 

Figure 1 shows an: end view of a jet 80 
nozzle provided with vanes on the inner peri- 
phery of the nozzle; 

Figure 2 shows a nozzle provided with 
vanes on the outer periphery of the nozzle 
as well as with vanes on the inner periphery 85 
of the nozzle; 

Figure 3 shows a modified form of the 
nozzle shown in Figure 2; 

Figure 4 shows a developed view of the 
nozzle showiii in Figure 3^ . 90 
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Figure 5 showrs a perspective view of the 
nozzle shown in Figure 3; 

Figure 6 shows a nozzle similar to that 
shown in Figures 3 and 5 but including 
5 means for adjusting the position of the vanes; 
Figure 7 shows a nozzle similar to that 
shown in Figures 3 and 5 but with the outer 
vanes shrouded; 

Figure 8 shows a nozzle similar to that 
10 shown in Figure 7; 

Figure 9 shows a nozzle wkhi vanes which 
are mounted- for oscillation'; 

Figures 10 and 11 show a nozzle similar 
to that shown in Figure 9 widii an alternative 
15 vane mounting arrangement; 

In each of the emibodiments hereinafter 
described the vanes^ when in a noise sujp^ 
pressing poeition, (hereinafter referred to as 
an " opjerative position are in non-stalled 
20 relationship to the general fluid flow direction 
through the nozzle. In the cases where the 
vanes are mounted for oscillation, the maxi- 
mum angle the vanes make with the general 
fluid flow direction is stiU such that the vanes 
25 are in non-stailkdl rdadomship to the fluid 
flow. 

Figure 1 shows the rear end of a jet pipe 
nozzle 2, the inner periphery of which is 
provided with vanes 1, wWch project into the 
30 jet flow. These vanes are inclined along the 
whole of their length with respect to the 
general flow direction througjh the jet pipe 
nozzle. 

The vanes 1 in Figure 1 of the drawings 

35 serve to deflect the jet flow away from the 
general direction of flow through the nozzle 
2. The vanes produce flows inclined with 
respect to the flow in the central region of the 
jet. These deflected flows interact with 

40 the flow in the central region of the jet 
and as a consequence are induced to swirl. 
The swirling flows eflfeot naore rapid mixing 
between the jet and ithe ambient fluid sur- 
rounding the nozzle 2, as well as inhibiting 

45 (the formation of regular annular vortices 
otherwise formed in the mixing region of the 
jet. Furthermore, the vanes also assist in re- 
ducing the axial extent of the tnJying region 
downstream of the exit of the nozzle 2. 

50 Figure 2 shows a nozzle 2 provided with 
inner vanes 1, the nozzle also having around 
its outer /periphery vanes 4. The inner and 
outer vanes 1 and 4 are substantially oppo- 
site one another and= inclined along the whole 

55 of their length with respect to the general 
flow direction througb the nozzle in a 
different sense. 

In Figure 2, the outer vanes 4 deflect the 
flow of surrounding ambient fluid from what 

60 would have otherwise been its direction of 
flow in an anti-clockwise direction (as viewed 
from the downstream end of the nozzle). The 
jet flow flowing over the inner vanes 1 is 
deflected^ in a clockwise direction. The flows 

65 deflected by the inner and outer vanes 1 and 


4 interact with one another and the flow de- 
flected by the vanes 1 comaats the flow in the 
oemral region of the jet to impart swirl 
thereto. The contra-rotating swirls thus 
formed inhibk the formation of the regular 70 
amiular voitioes in the mixing region of 
the jet and also tend to increase the rate 
of mixing between the ambient and jet flows. 
In Figure 3 the vanes 1 and 4 are dis- 
placed relatively to each other and this 75 
arrangement of vanes is shown more dearly 
in the developed view of the nozzle shown 
m Figure 4 and the perspeaive view in Fig. 

The nozzle arrangement shown in Figure 80 
3 operates in a similar manner to that shown 
in Figure 2. 

The developed view of the nozzle 2 shown 
in Figure 6 has vanes 1 and 4 which are 
each mounted on a pivot pin 7. The upstream 85 
end of each of the vanes 1 is pivotally joined 
to a linkage 9. The linkages 9 are in turn 
joined to a connecting ring 10 which is pro- 
vided with an operating rod 11. Similarly the 
upstream end of each of the vanes 4 is pivot- 90 
ally joined to a linkage 12. The linkages 12 
are in turn joined to a connecting ring 13, 
provided with an operating rod 14, Operating 
rods 11 and 14 respectively are each pix>- 
vided with a locking mechanism llA and 95 
14A, 

The notzzfe apparatiis shown in Figure 6 
of the drawings incorixjrates means for ad- 
justing the inclination of the vanes with re- 
spect to the general flow direction through 100 
the nozzle. Movement of the operating rod 
11 in the direction shown by arrow A dis- 
places the connecting ring 10 in the same 
direction and oonsequ^ently pivots each of the 
vanes 1 from the position shown in broken 105 
line to a position in which the vanes 1 lie 
normal to the nozzle exit. Similarly the vanes 
4 may pivot to a position 4A shown in dotted 
line by movement of the operating rod 14 
in the direction of arrow B. Thus when the HO 
vanes 1 and 4 are brought to lie normal to 
the nozzle exit little or no noise suppression 
effect is obtained. In an aircraft applicatiorj, 
during .tafce-^ff of an aircraft the vanes will 
be inclined at an angle relative to a plane 115 
through the longitudinal axis of the nozzle. 
The vanes 1 and 4 can be locked in either 
the inclined position or the normal position 
placing the operating rods 11 and 14 in 
the appropriate slot in the locking mecb- 120 
anisms llA and 14A. Such an arrangement 
of adjustaible vanes has the advantage that 
any thrust loss due to the inclination of the 
vanes only occurs when the vanes are in 
their operative position. When the aircraft 125 
has climbed to a height at which the noise 
is no longer a problem^ .the vanes can be 
pivoted into the position in which the vanes 
1 lie normal to the nozzle exit, and the 
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8. Apparatus as claimed in Qaim 7, in 
which (the outer vanes are twisted in a differ- 
enic sense from that of the itmer vanes. 

9. Apparatus as daim^i in any of Qaims 
5 1 to 3j in which .the vanes are attached to the 

jet pipe nozzle by resilient meai^ which) per- 
mit oscillation between inclination angles of 
a dSfferenit sense. 

10. Apparatus as claimed in Claim 9, in 
10 which the inner and ouiter vanes are arranged 

to oscillate out of phase. 

11. Apparatus as claimed in any of Qaims 
1 to 10, in which the vanes extend dawn- 
stream of the jet pipe nozzle exit. 

15 12. Apparatus as claimed in Qaim 9, in 
which means are provided for locking the 


vanes in alignment with the general dbecdon 
of flow througjh the nozzle. 

.13. Apparatus substantially as described 
with reference to Figures 1 to 5 or 7 or 8 20 
of the drawings accompanying the complete 
s|>ecificationu 

14. Apparatus substantially as described 
with reference to Figure 9 of the <&awings 
accompanying the comiplete specificationu 25 

15. Apparatus substontiaJly as described 
with reference to Figures 6, 10 and 11 <rf 
the drawings accompanying the complete 
specification* 

Chartered Patent Agent, 
25, Green Street> London, W.l, 
Agent for die Applicant. 


PROVISIONAL SPECIFICATION 
Improvements in or relating to Jet Propulsion Nozzles 


30 I, Alec David Young, a British Subject, 
of "The Sycamores", Whitehall Lane, 
Buckhurst Hill, Essex, do hereby declare 
this invention to be described in the follow- 
ing statement: — 

35 This invention relates to apparatxxs for par- 
tially inhibiting the generation of noise cre- 
ated by a hi^' velocity jet issuing from a 
nozzle into ambient fluid. 

The noise generated by such a high velo- 

40 city jeit is created to a large extent by the 
intense vortices of annular shape existing in 
an annular zone near to and beyond the 
nozzle exit where there is a steep velocity 
gradient across the boundary of the jet and 

45 the ambient fluid. This zone is known as 
the mixing region of the jet. If the regu- 
larity of the pautem of these vortices can be 
broken up and their intensity reduced, the 
overall noise level can be comespondingly 

50 reduced. It can be inferred that by control- 
ling the jet flow in such a way as to produce 
irregular formations of large but weak vor- 
tices, rather than regular small vortices of 
strong intensity, a useful reduction of noise 

55 level will result and this reduction should be 
moot marked in the higher frequency ranges 
whidh are found to be porticnlarly \inpleasant 
to the human ear. It is also desirable that 
the mixing region should be reduced in 

60 length by increasing the rate of mixing im- 
mediately downstream of the noz2de exit. 

The present invention provides apparatus 
for partially inhibiting the generadon of nodse 
created by a hig^ velocity jet issuing from a 
65 nozzle into ambient Quidy said nozzle being 
provided with several vanes, the vanes at 
least in an operative position(, being skewed 
with respect to a plane passing through the 
longitudinal axis of both the nozzle and the 
70 nozzle wall, in non-stalled relationship to the 
flow over the vanes, in such a manner that 
the vanes deflect a pan of the flow into a 


direction with a oompanent of motion, tan- 
gential to the remainder of the flow. 

Vanes may be positioned on the outer 75 
periphery of the noezlei, these vanes extending 
away fromi the longi!tudinal axis of the nozzle, 
and also on the inner periphery of the nozzle, 
these vanes extending towards the longi- 
tudinal axis of the nozzle. The iimer and 80 
outer vanes may be positioned substanrially 
opposite one another and may be differently 
skewed with respect to the plane passing 
through the longitudinal axis of both the 
nozzle and the nozzle walL Altematively, 85 
vanes may be positioned around the outer 
or inner periphery of the nozzle only. The 
vanes may lie in an axial plane of the no^e. 
The outer vanes may bo shrouded and the 
shroud provided with apertures. 90 

The nozzle may incorporate means for ad- 
justing the inclination of the vanes with 
respect to the plane throi^ both the longi- 
tudinal axis of the nozzle and the nozzle 
wall and some or all of the vanes may be of 95 
twisted forms. 

In an akemative arrangement according 
to the invention, the vanes may be attached 
to the jet pipe by flexible or pivotable means, 
thus permitting «the vanes to oscillate about 100 
substantially radial axes between indination 
angles of a different sense. Outer and inner 
vanes may oscillate out of phase. The vanes 
may be positioned downstream of the nozzle 
exit and means may be provided for the 105 
locking of the vanes in alignmenlt with the 
jet axis. 

The invention will now bo described with 
reference to the accompanying diagrammatic 
dravrfngs, in which: — 110 

Figure 1 show^ an end view of a jet 
nozzle provided wkh skewed vanes projecting 
into the jet flow; 

Figure 2 shows a nozzle provided with 
skewed vanes on the outer periphery of the 115 
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airciaflt wiU not incur any additiQiial tbrust 
loss penalty. 

Id Kguire 7, tbe outer vanes 4 are pro- 
vidted wkh a shroud 5 which is provided with 

5 a series of apertures 6, and in Figure 8 the 
inner and ouiter vanes 1 and 4 respectively are 
of cwisted foam. The twist on the inner 
vanes 1 is in the opposite dSreodom to the 
twist on tbe outer vanes 4. 

10 Ambient air surrounding the nozzle 2 is 
either entrained' between ^the spaces defined 
between adjacent pairs of vanes 4 and the 
shroud 5 or the ambient air in these sipaces 
is passed out through the apertures 6, die- 

15 pending on pressure conditions obtaining in 
the space. Such an arrangement; will further 
assist mixing between the jet Sow and the 
ambient fluid surrounding the nozzk 2. The 
arrangement shown in Figure 8 in whidi the 

20 outer and inner vanes are twisted in oppo- 
site directions further assist this mixing pro- 
cess. 

- Figure 9 shows a nocszle 2 withi an outer 
fairing 2 A. Spacing mennbsrs 15 are provided 
25 between the nozzle 2 and the outer faking 
2A. In order to show die nozzle arrange- 
ment more clearly both the nozzle 2 and the 
fairing are shown in cross-sectiom but in prac- 
tice the fairing 2A would be smioothly joined 
30 to the nozzle 2 downstream of the plane 
shown in cross-secrion. Pivot pins 7 are firmly 
mounted between the nozzle 2 and the fair- 
ing 2A throug^ the spacing members 15. Eacb 
of the pivot pins 7 projects inwardly towards 
35 the longitudinal axis of the nozzle. Vanes 
1 are each provided at their upstream ends 
with a pair of lugs 8 which are mounted on 
pivot pins 7 so that the vanes 1 are free 
to pdvot. A coil spring 8A surrounds each of 
10 .the pivot pins 7 and is attached to the lugs 
8 of the vanes 1 and to the pins 7. 

In Figure 9 the vanes 1 are pivotally 
mounted and thus the vanes can oscillate 
between inclined angles on either side of the 
15 position of equilibriimi of the vanes as shown 
in full lines. The frequency and ampUtude 
of die oscillation is dependent on the resili- 
ence of tbe spring, the velocity of the jot 
and ambient flows, the turbulence in the jet 
»0 floiw and the vane inerda. The osoilladon of 
the vanes 1 induces corresponding oscillation 
in the flow direction of the jet gases and 
consequently inhibits the formation of the 
regular annular vortices as well as reducing 
5 the extent of the mixing r^on. 

Figure 10 shows an arrangement similar 
to that shown in Figure 9, but in which 
the use of coil springs is avoaded. Eacb of 
the pivot pins 7 is attached to one end of a 
0 crank member 15A. The other ends of the 
crank members ISA, which are associated with 
adjacent pairs of vanes 1 are linked! together 
by a pin 16, which is free to move in a 
slot 17 in the wall of the nozzle 2 and in 
5 slots in the crank members ISA. Plates 18 


are i»votaQy mounted at 18A about their up- 
stream ends on the outer surface of the wall 
of the nozzle 2, eacb ac^acent a slot 17. The 
plates 18 are e«:h connected at their up^ 
stream ends to an operating rod 19. The 70 
pins 16 in their most upsiream position abut 
the upstream end <^ the slot 17 in the nozzle 
walL In this position of the pins 16 the 
vanes 1 are in a position shown in full line 
at lA. Under the influence of the jet stream 75 
the vanes oommence to oscillate and* the pins 
16 are displaced by the crank members 15 
to abut the downstream ends of the slots 17. 
Thus the vanes 1 assume the position IB 
shown in broten line. Means are provided 80 
for the locking of the vanes in alignment with 
the jet axis. 

Figure 11 shows an arrangement in which 
the vanes 1 are pivotally mounted on pins 
7 and, at a point diownstream of the pivot 85 
pins 7, the vanes 1 are pivotally intercon- 
nected by a linkage 21 wluch causes all the 
vanes 1 to osciflate in phase;^ e.g. all vanes 
1 are in pwdtion lA or all vanes in position 
IB as shown in respectively in full and broken 90 
lines. 

WHAT I CLAIM IS: — 

1. Apparatus for partially inhibiting the 
generation of noise by a high velocity fluid 
jet issuing from a jet pipe nocnde exit into 95 
ambient atmo^here, the jet jape nozzle hav- 
ing mounted substantially radially thereon in 
the region only of the exit a plurality of 
vanes, which in an operative position are in- 
clined over a major portion of their length 100 
and' in non-stalled relationship to the general 
fluid flow direction through the nozzle. 

2. Apparatus as claimed in Claim 1, in 
which the vanes are mounted on the inner 
periphery of the nozzle. 105 

3. Apparatus for partially inhibiting the 
generation of noise by a high velocity fluid 
jet issuing from a jet pipe nozzle exit into 
ambient atmosphere, the nozzle having 
mounted thereon several vanes, which are 110 
positioned both on the outer and inner peri- 
phery of the nozzl^ the inner and outer vanes 
when in an operative position being inclined 
with respect to another, and in non-stalled 
relationship to the fluid flow. 115 

4. Apparatus as claimed in Claims 1 and 
3, in which the outer vanes are provided with 
shrouds. 

5. Apparatus as daimed in Qaim 4, in 
whicb the shrouds are provided with aper- 120 
tmesw 

6. Apparatus as claimed in any one of 
Claimiq 1 to 5, further incorporating means 
for adjusting thie inclination of the vanes with 
respect to die general dSreorion of flow 125 
through the nozzle. 

7. Apparatus as claimed in any of Claims 
1 to 6, in which th? vanes are of twisted 
form. 
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nozzle as well as wiitbi vanes on (the inner 
periphery of the nozzle, the inner andl outer 
vanes being positioned substantially opposite 
one another; 
5 Figure 3 shows a nozzzle providtdi with 
skewed vanes on the outer periphery of the 
nozzle as well as with vanes on the inner 
periphery of the nozzle, the inner and outer 
vanes b^g displaced relative to one another; 
10 Figure 4 shows a developed view of the 
nozzle shown- in Figure 3; 

Figure 5 shows another view of the nozzle 
shown in Figure 3; 

Figure 6 shows a nozzle similar ito that 
15 shown in Figure 3, but with the outer vanes 
shrouded; 

Figure 7 shows a nozzle with vanes 
which are flexibily mounted; and 

Figure 8 shows inner and outer vanes 

20 which) are differentially twisted. 

Figure 1 shows a nozzle 2, the inner 
periphery of which is provided with vanes 1, 
which project into the jet flow. These vanes 
are skewed with respect to a plane 3 through 

25 the longitudinal axis of both the nozzle and 
the nozzle wall and deflect the jet flow away 
from what would have otherwise been the 
general direction of flow. The vanes tend to 
produce a flow tangential to the flow in the 

30 central region of the jet, die tangential flow 
entraining anubienic fluid and so effecting more 
rapid mixing between the jet and the amfaxent 
fluid, as wdl as inhibiting the formation of 
regular annular vortices odierwise formed in 

35 the mixing region. The vanes also assist in 
»^educing the axial exitent of the mixing 
region. 

Figure 2 shows a nozzle 2 provided with 
the inner vanes 1, the nozzle being provided 

40 around its outer jjeriphery with vanes 4. The 
inner and outer vanes 1 and 4 are substan- 
tially oppositQ one another and skewed with 
respect to the plane 3 in a different sense. 
The ambient fluid flowing through the outer 
vanes 4 is deflected from what would other- 
wise have been its direction of flow in an 
anticlockwise direction (as viewed from' the 
upstream end of the nozzle). The jet flow 
flowing over the inner vanes 1 is deflected in 

50 a clockwise direodon. The contra-rotating 
flows thus formed tend to interact to inhibit 
the formation' of the regular annular vortices 
in the mixing region and to prevent them 
growing too large and also to increase the 

55 rate of mixing between the ambient and jet 
flows. 

Figure 3 shows a nozzle similar to that 
shown in Figure 2, except that the vanes 4 
are displaced relative to one another. 
60 Figures 4 and 5 show more clearly how 
the vanes 1 and 4 of the nozzle shown in 
Figure 3 are differentially skewed. 


In Figure 6, the outer vanes 4 are pro- 
vided with a shroud 5, the shroud having a 
series of apertures 6 to allow for the entrain- 65 
ment of amibienit fluid into the space defined 
by the vanes 4 and the shroud 5 or die 
passing of ambient fluid out of this space 
^through these apertures, depending on the 
pressure conditions obtaining in the space. 70 
It is bdieyed that such an arragement will 
further assist mixing between the jet flow and 
the ambient fluid. 

Any one of the embodiments shown in 
Figures 1 — 6 may indude means by which 75 
the vanes can be brought into planes passing 
through the longitudinal axis of both the 
nozzle and' the nozzle wall. For this purpose, 
the vanes may be pivotable about an axis 
such as the axis 7 shown in Figure 5. When 80 
the vanes are brooigfat to lie in the pdanes 
referred toi, the vanes have little or no noise 
suppression effect. In an aircraft application, 
Airing takeKxff of an aircraft, the vanes will 
be skewed at some angle with respect to die 85 
plane 3 through the longitudinal axis of the 
nozzle, but when sufficient akitudfe has been 
attained, these vanes can be returned to the 
inoperative position and thus avoid losses of 
thrusn:. 90 

Figure 7 shows a nozzle 2 with vanes 1 
mounted downstream of the nozzle exit by 
flexible means shown for example as coil 
^ngs 8. Thus, the vanes 1 can oscillate 
between inclination angles on either side of 95 
'the position of equilibrium of the vane at a 
frequency dependent on the flexibility of the 
mountings, the velocity of the jet and the 
ambient flows, the turbulence in the jet flow 
and the vane inertia. Instead of the coil 100 
springs 8, flat spring flexures may be used 
or the vanes provided with pivots. Inner and 
outer vanes may be flexibly mounted^ whether 
placed downstream or upstream of the nozzle 
exit. 105 

The oscillation of the vanes indoices cone- 
sponding oscillation of flow direction of the 
jiet gases and ambient field and consequently 
inhabits formation of the regular anni^ar 
vortices as vpell as reducing the mixing zone HO 
length. 

Figure 8 shows that the outer vanes 4 
may be bent over at their downstream tip and 
the inner vanes 1 bent over at their down- 
stream ap in a different sense. It is thourfiit 115 
that die vanes 1 and 4 being differentially 
twisted in this way will further assist rapid 
mixing of the jet and the ambient fluid and 
lestnonon of the eddies formed in the turbu- 
lent zone. 120 
C. E. BELL, 
Chartered Patent Agent, 
25, Green Street, London, W.l, 
Agent for die Applicant. 
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COMPLETE SPECIFICATION 

This drawing is a reproduction of 
the Original on a reduced scale. 
SHEET I 
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